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ABSTRACT
The Hyades stream has long been thought to be a dispersed vestige of the Hyades
cluster. However, recent analyses of the parallax distribution, of the mass function, and
of the action-space distribution of stream stars have shown it to be rather composed of
orbits trapped at a resonance of a density disturbance. This resonant scenario should
leave a clearly different signature in the element abundances of stream stars than the
dispersed cluster scenario, since the Hyades cluster is chemically homogeneous. Here,
we study the metallicity as well as the element abundances of Li, Na, Mg, Fe, Zr, Ba,
La, Ce, Nd, and Eu for a random sample of stars belonging to the Hyades stream,
and compare them with those of stars from the Hyades cluster. From this analysis:
(i) we independently confirm that the Hyades stream cannot be solely composed of
stars originating in the Hyades cluster; (ii) we show that some stars (namely 2/21)
from the Hyades stream nevertheless have abundances compatible with an origin in
the cluster; (iii) we emphasize that the use of Li as a chemical tag of the cluster origin
of main-sequence stars is very efficient in the range 5500K ≤ Teff ≤ 6200K, since
the Li sequence in the Hyades cluster is very tight, while at the same time spanning
a large abundance range; (iv) we show that, while this evaporated population has
a metallicity excess of ∼ 0.2 dex w.r.t. the local thin disk population, identical to
that of the Hyades cluster, the remainder of the Hyades stream population has still a
metallicity excess of ∼ 0.06 to 0.15 dex, consistent with an origin in the inner Galaxy;
(v) we show that the Hyades stream can be interpreted as an inner 4:1 resonance of
the spiral pattern: this then also reproduces an orbital family compatible with the
Sirius stream, and places the origin of the Hyades stream up to 1 kpc inwards from
the solar radius, which might explain the observed metallicity excess of the stream
population.
Key words: Galaxy: evolution - clusters and associations - disk - solar neighbourhood
⋆ Based on observations obtained with the HERMES/Mercator spectrograph/telescope installed at the Roque de los Muchachos
Observatory, La Palma, Spain
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1 INTRODUCTION
It has been known for a long time that a spatially unbound
group of stars in the solar neighbourhood is sharing the same
kinematics as the Hyades open cluster (e.g., Eggen 1958).
Assuming that it is a vestige of an initially more massive
Hyades cluster which dispersed with time, with the result
that its distribution function is still presently evolving to-
wards equilibrium and does not yet satisfy the Jeans theo-
rem, Eggen called this kinematically cold group the Hyades
supercluster. More generally, it is called the Hyades mov-
ing group or Hyades stream, since Eggen’s hypothesis that
kinematic groups of this type are indeed such cluster rem-
nants has been largely debated for many years. Actually,
such groups may also be generated by a number of global
dynamical mechanisms. Most of the mechanisms able to gen-
erate such unbound groups of stars moving in a peculiar
fashion are linked with the non-axisymmetry of the Galaxy,
namely with the presence of a rotating central bar (e.g.,
Dehnen 1998, Fux 2001, Minchev et al. 2010) and of spiral
arms (e.g., Quillen & Minchev 2005, Antoja et al. 2009), or
both (see Quillen 2003, Minchev & Famaey 2010).
A way to discriminate between these two hypotheses
is the “chemical tagging” of stars belonging to the mov-
ing groups (Freeman & Bland-Hawthorn 2002, De Silva et
al. 2009). With this technique, a true Eggen moving group
(or true supercluster) was recently tracked down, namely
the HR1614 moving group (Eggen 1978, Feltzing & Holm-
berg 2000), in which the high level of chemical homogene-
ity is supporting the case that it is a relic of an ancient
star-forming event (De Silva et al. 2007). Conversely, the
Hercules stream was found to be composed of stars whose
abundance pattern match that of the disk stars (Bensby et
al. 2007), which could be interpreted as being associated
with the outer Lindblad resonance of the bar (Dehnen 1998,
Fux 2001).
Here, we intend to analyze the abundance trends of a
sample of stars belonging to the Hyades stream, in order to
check whether it is compatible with Eggen’s scenario, with
the resonant scenario, or with a mix of both. Indeed, the
evaporation of open clusters and the dynamical perturba-
tions linked with density perturbers are not mutually in-
compatible phenomena. Stars originating from a 600 Myr
old cluster had time to disperse over more than 500 pc in
the disk (e.g., Bland-Hawthorn et al. 2010), but have re-
tained the same guiding radius and same tangential velocity
V (Woolley 1961). This does not prevent an overdensity in
velocity space due to orbits trapped at resonance to overlap
with this cluster remnant.
The study of the kinematics of K and M giant stars
in the solar neighbourhood, combining CORAVEL radial
velocities with Hipparcos parallaxes and proper motions
(Famaey et al. 2005), already indicated that the Hyades
stream could not be solely composed of coeval stars evap-
orated from the primordial Hyades cluster, because the
Hertzsprung-Russell diagram was very similar for stars in
the stream and in the field, indicating a wide range of ages
for stars belonging to the stream. This was later confirmed
by a detailed analysis of the distribution of stars in par-
allax space as compared to the parallax corresponding to
the Hyades cluster’s 600 Myr isochrone (Famaey, Siebert &
Jorissen 2008). Bovy & Hogg (2010) recently reached the
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Figure 1. The full Geneva-Copenhagen (GC) sample from
Holmberg et al. (2009) in the UV plane. The Hyades box is also
indicated at −23 km s−1 ≤ V ≤ −12 km s−1 and −50 km s−1 ≤
U ≤ −25 kms−1.
same conclusion. Moreover, at about the same time, ra-
dial velocities, masses, and metallicities of more than 14000
F and G dwarfs stars were also published as the Geneva-
Copenhagen (GC) Survey (Nordstro¨m et al. 2004, Holm-
berg et al. 2007, 2009), supplementing the Hipparcos par-
allaxes and proper motions. The distribution of these main-
sequence stars in velocity space confirmed that the Hyades
stream was the most prominent feature on top of the back-
ground velocity ellipsoid (Fig. 1). Sellwood (2010) then es-
timated the actions of individual stars from their observed
coordinates and velocities, and examined the stellar distri-
bution in the JR-Jφ action space. He found about 5% of the
GC stars concentrated along a resonance line in action space,
which was interpreted as a signature of scattering at the in-
ner Lindblad resonance of a spiral pattern1. This overdensity
in action space precisely corresponds to the Hyades stream
in velocity space, in accordance with the model of Quillen &
Minchev (2005). What is more, Famaey et al. (2007) com-
pared the mass distribution of stars belonging to the Hyades
stream with the initial mass function of the Hyades cluster
and with the present-day mass function of the galactic disk,
showing that it was in disagreement with the former and in
agreement with the latter, thus also favoring a dynamical,
resonant origin for the stream. However, the latter analysis
was compatible with a proportion of at least 15% of stream
stars actually being past members of the Hyades cluster. It
was also found that, while thin disk stars have a mean metal-
licity [Fe/H]≃ −0.15, the mean metallicity of stars moving
with the Hyades (among which only ∼25% of field stars from
the background velocity ellipsoid, the rest constituting the
Hyades overdensity in velocity space) was [Fe/H] = −0.06.
Since the Hyades cluster is also more metal rich than the
1 Most likely a 4:1 inner resonance, in order to prevent the coro-
tation from being too far out in the disk.
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Figure 2. The present stellar sample in the U − V plane. The
meaning of the symbols is given in the figure (see Sect. 6 for more
details).
field, with a mean [Fe/H] = +0.14 (Cayrel de Strobel et al.
1997, Perryman et al. 1998, Grenon 2000), this could also
argue in favor of a large proportion of stars in the Hyades
stream originating from the Hyades cluster. However, this
higher metallicity of the Hyades stream could also indicate
that its stars originate from the inner Galaxy.
In this paper, we aim at determining the chemical abun-
dances of stars belonging to the Hyades stream, in order to
yield constraints on their origin (from the cluster or from the
field of the disk, and in the latter case, from which typical
galactocentric radius). In this way we shall be able to in-
dependently confirm from chemical tagging that the Hyades
stream cannot be solely composed of stars originating in the
Hyades cluster, and we shall be able to provide the first di-
rect evidence for two distinct populations inside the stream.
We also aim at making a preliminary analysis of the respec-
tive characteristics of these two populations. In Sect. 2, we
present the sample of stars that we are going to analyze, and
in Sect. 3 we briefly describe the observations performed
with the HERMES/Mercator spectrograph (Raskin et al.
2011). Stellar parameters and abundances are respectively
determined in Sects. 4 and 5. We then investigate whether
stars in the stream are compatible with being evaporated
from the Hyades cluster in Sects. 6 and 7, and discuss these
results and their consequences in Sect. 8. Conclusions are
drawn in Sect. 9.
2 SAMPLE
Fig. 1 presents the distribution of all stars from the GC sur-
vey in the UV -plane (U is the velocity towards the galac-
tic centre, V the velocity in the direction of Galactic rota-
tion, both with respect to the Sun), and the Hyades over-
density corresponds to the box defined by −23 kms−1 ≤
V ≤ −12 kms−1 and −50 kms−1 ≤ U ≤ −25 kms−1 (see
Famaey et al. 2007): this box corresponds to a region in
which the density of the GC survey in UV velocity space is
higher than ∼ 4 stars/(km/s)2.
A randomly chosen stellar sample within this velocity
box has been selected among the GC survey stars with
b − y ≥ 0.3 (or equivalently, B − V ≥ 0.5, according
to Tables 15.7 and 15.10 of Drilling & Landolt 1999) and
Vrot sin i ≤ 10 kms
−1, the latter condition in order to ease
the abundance determination. Members of the Hyades clus-
ter, taken from the De Silva et al. (2006) sample have been
added to this GC kinematical sample, in order to compare
the element abundances in the stream and in the cluster.
The criterion on the colour index of the stream stars is nec-
essary to avoid any bias from the rejection of the fast rota-
tors from the stream: since Paulson et al. (2003; their Fig. 5)
have shown that in the Hyades cluster, all stars (but one)
with B − V ≥ 0.5 have Vrot sin i ≤ 10 kms
−1, so that few if
any stars evaporated from the cluster have been left aside by
selecting only slow rotators with B−V ≥ 0.5 in the stream.
Among the Hyades cluster members we have selected, 4
are controversial (see Table 3): they are spatially associated
with the cluster but they might not belong to it based on
kinematics (de Bruijne et al. 2001).
The full stellar sample is listed in Table 1, the distance
and spatial velocities are taken from Holmberg et al. (2009),
the masses from Holmberg et al. (2007), and the rotation ve-
locity from Nordstro¨m et al. (2004). Positions in the Galaxy
and velocities are displayed in Figs. 2 to 5. As each star has
been observed individually, the sample is relatively small,
comprising 21 stars randomly chosen in the Hyades box, 5
sure members of the Hyades cluster, and 4 possible mem-
bers. This small sample size nevertheless already allows us
to draw a number of secure conclusions, as we shall see in the
following sections, and paves the way towards more detailed
analyses of much larger samples with future multi-fibre spec-
trographs such as the High Resolution Multi-Object Spec-
trograph of the Anglo-Australian Telescope, which like the
spectrometer used by us also is called HERMES (Barden et
al. 2008).
3 OBSERVATIONS
The selected stars were observed in May 2009 with the Mer-
cator 1.2m telescope (Katholieke Universiteit Leuven, Roque
de los Muchachos Observatory, La Palma, Spain), using the
fiber-fed, high-resolution spectrograph HERMES/Mercator
(Raskin et al. 2011). The spectra cover the wavelength range
380 to 900 nm, with a mean resolving power λ/∆λ = 84600,
and a mean S/N of about 125 (the S/N ratio for each target
star is listed in Table 3). The data were reduced using the au-
tomatic pipeline for the HERMES/Mercator spectrograph,
complemented by IRAF packages for continuum definition
and Doppler correction.
c© 2011 RAS, MNRAS 000, 1–19
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Table 1. Data for the analyzed stellar sample.
HD d MV U V W mv b− y M Vrot sin i
(pc) (km/s) (km/s) (km/s) (mag) (M⊙) (km/s)
Sure Hyades cluster members
18632 23 6.13 -42 -19 -1 7.978 0.87 3
19902 40 5.19 -41 -19 -1 8.171 0.452 0.89 2
26756 46 5.13 -41 -18 -3 8.457 0.431 0.93 5
26767 43 4.88 -41 -18 -3 8.045 0.405 0.98 5
HIP 13806 39 5.94 -41 -17 -2 8.90 0.89 4
Possible Hyades cluster members
20430 46 4.07 -42 -23 -2 7.386 0.364 1.10 6
20439 42 4.66 -41 -21 -4 7.766 0.395 1.17 6
26257 58 3.84 -35 -13 -5 7.639 0.345 1.25 8
HIP 13600 53 5.21 -40 -13 -2 8.83 1.00 2
Hyades velocity box
25680 17 4.79 -25 -14 -6 5.903 0.399 0.96 3
42132 111 1.52 -43 -16 -23 6.675 0.525 0.89 3
67827 45 3.39 -35 -14 -9 6.580 0.368 1.34 5
86165 51 4.39 -35 -17 -16 7.926 0.386 0.97 2
89793 63 4.87 -33 -20 12 8.853 0.424 0.96 1
90936 56 4.62 -42 -18 -14 8.371 0.389 0.96 3
103891 58 2.79 -28 -17 7 6.591 0.356 1.35 4
108351 88 3.19 -50 -19 5 7.905 0.327 1.40 9
133430 57 4.79 -30 -16 -5 8.559 0.413 0.90 2
134694 134 2.87 -43 -20 -17 8.502 0.336 1.34 10
142072 39 4.90 -29 -15 -1 7.854 0.417 0.90 7
149028 48 5.10 -37 -16 -1 8.530 0.454 0.91 2
149285 196 2.36 -34 -14 -14 8.825 0.337 1.32 8
151766 109 2.42 -35 -13 -20 7.606 0.348 1.46 8
155968 55 4.72 -30 -14 2 8412 0.423 0.96 3
157347 20 4.83 -28 -17 -20 6.287 0.425 0.90 1
162808 63 4.41 -31 -12 -2 8.423 0.393 1.00 6
171067 26 5.13 -46 -16 -14 7.205 0.424 0.90 1
180712 45 4.73 -25 -12 -6 7.977 0.395 0.88 3
187237 26 4.78 -36 -20 14 6.877 0.409 0.90 2
189087 27 5.75 -42 -15 5 7.886 0.483 0.81 2
4 DETERMINATION OF THE STELLAR
PARAMETERS
We have adopted the new MARCS model atmospheres
(Gustafsson et al. 2008) and interpolated within the grid
whenever necessary. The stellar parameters were obtained
in the following manner. The effective temperature was de-
rived by requiring that the abundances derived from iron
lines (as listed in Table 2) exhibit no trend with excitation
potential. Gravity was obtained through ionisation balance,
and microturbulence was set by requiring the absence of a
trend between abundances and reduced equivalent widths.
It was moreover checked that the wings of the Hα line are
correctly reproduced (Fig. 6).
To illustrate the procedure, Fig. 7 displays [Fe I /
H] and [Fe II / H] against the line equivalent widths and
excitation potentials, for star HD 103891. The difference
Teff(Hα)−Teff(Fe I) averages to −20 K, with a standard de-
viation of 33 K for our complete sample.
The adopted atmospheric parameters are listed in Ta-
ble 3, where the stars are already grouped according to their
abundances and kinematics (the separation procedure will
be discussed in Sect. 6). The metallicity values listed in Ta-
ble 3 and plotted in Fig. 8 are normalized by the (solar) value
log ǫ(Fe) = 7.45 (Asplund et al. 2005). In this table, we also
list the S/N ratio of the spectra, and the line-to-line abun-
dance scatter σ. Fig. 8 checks for the absence of any trend
between [Fe I, Fe II / H] and the atmospheric parameters
microturbulence ξ, gravity log g and effective temperature
Teff .
The solar metallicity has been derived from the same set
of lines as for the program stars, with the following solar-
c© 2011 RAS, MNRAS 000, 1–19
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Table 2. Line list. An asterisk (*) after the wavelength means
that hyperfine structure and isotopic shifts have been taken into
account for the considered line. References to the adopted log gf
are given in the last column and the corresponding reference is
listed at the bottom of the table.
Wavelength Element χ log gf Ref
(A˚) (eV)
6707.7561 Li I 0.000 -0.428 (7)
6707.7682 Li I 0.000 -0.206 (7)
6707.9066 Li I 0.000 -1.509 (7)
6707.9080 Li I 0.000 -0.807 (7)
6707.9187 Li I 0.000 -0.807 (7)
6707.9200 Li I 0.000 -0.807 (7)
4497.7 Na I 2.104 -1.560 (1)
4668.6 Na I 2.104 -1.300 (1)
4751.8 Na I 2.104 -2.090 (1)
4982.8 Na I 2.104 -0.950 (1)
5148.8 Na I 2.102 -2.060 (1)
5682.6 Na I 2.102 -0.700 (1)
5688.2 Na I 2.104 -0.450 (1)
5889.9 Na I 0.000 0.117 (1)
5895.9 Na I 0.000 -0.184 (1)
6154.2 Na I 2.102 -1.560 (1)
6160.8 Na I 2.104 -1.260 (1)
5711.1 Mg II 4.346 -1.810 (1)
6318.7 Mg II 5.108 -1.970 (1)
6319.2 Mg II 5.108 -2.165 (1)
7387.7 Mg II 5.753 -1.100 (1)
7691.6 Mg II 5.753 -0.783 (1)
5079.7 Fe I 0.990 -3.220 (1)
5150.8 Fe I 0.990 -3.003 (1)
5151.9 Fe I 1.010 -3.322 (1)
5322.0 Fe I 2.280 -2.840 (1)
5400.5 Fe I 4.370 -0.160 (1)
5811.9 Fe I 4.140 -2.430 (1)
5853.1 Fe I 1.490 -5.280 (1)
5855.1 Fe I 4.610 -1.478 (1)
5856.1 Fe I 4.290 -1.328 (1)
5858.8 Fe I 4.220 -2.260 (1)
5927.8 Fe I 4.650 -1.090 (1)
5933.8 Fe I 4.640 -2.230 (1)
5956.7 Fe I 0.860 -4.605 (1)
5969.6 Fe I 4.280 -2.730 (1)
6019.4 Fe I 3.570 -3.360 (1)
6027.1 Fe I 4.080 -1.089 (1)
6054.1 Fe I 4.370 -2.310 (1)
6105.1 Fe I 4.550 -2.050 (1)
6151.6 Fe I 2.180 -3.299 (1)
6157.7 Fe I 4.080 -1.110 (1)
6159.4 Fe I 4.610 -1.970 (1)
6165.4 Fe I 4.140 -1.474 (1)
6173.3 Fe I 2.220 -2.880 (1)
6311.5 Fe I 2.830 -3.141 (1)
6315.8 Fe I 4.080 -1.710 (1)
6322.7 Fe I 2.590 -2.426 (1)
6355.0 Fe I 2.850 -2.350 (1)
6380.7 Fe I 4.190 -1.376 (1)
6392.5 Fe I 2.280 -4.030 (1)
6481.9 Fe I 2.280 -2.984 (1)
6498.9 Fe I 0.960 -4.699 (1)
6518.4 Fe I 2.830 -2.460 (1)
6574.2 Fe I 0.990 -5.023 (1)
6593.9 Fe I 2.430 -2.422 (1)
6597.6 Fe I 4.800 -1.070 (1)
6609.1 Fe I 2.560 -2.692 (1)
Table 2. Continued.
Wavelength Element χ log gf Ref
(A˚) (eV)
6627.5 Fe I 4.550 -1.680 (1)
6710.3 Fe I 1.490 -4.880 (1)
6716.2 Fe I 4.580 -1.920 (1)
6725.4 Fe I 4.100 -2.300 (1)
6726.7 Fe I 4.610 -0.829 (1)
6750.2 Fe I 2.420 -2.621 (1)
6752.7 Fe I 4.640 -1.204 (1)
6793.3 Fe I 4.080 -2.326 (1)
6806.8 Fe I 2.730 -3.210 (1)
6810.3 Fe I 4.610 -0.986 (1)
6841.3 Fe I 4.610 -0.750 (1)
6843.7 Fe I 4.550 -0.930 (1)
4491.4 Fe II 2.860 -2.700 (1)
4508.3 Fe II 2.860 -2.210 (1)
4620.5 Fe II 2.830 -3.240 (1)
5197.6 Fe II 3.230 -2.230 (1)
5264.8 Fe II 3.230 -3.120 (1)
5325.6 Fe II 3.220 -3.220 (1)
5414.1 Fe II 3.220 -3.620 (1)
5425.3 Fe II 3.200 -3.210 (1)
6149.3 Fe II 3.890 -2.720 (1)
4687.8 Zr I 0.730 0.550 (1)
4739.5 Zr I 0.651 0.230 (1)
4815.1 Zr I 0.651 -0.530 (1)
4815.6 Zr I 0.604 -0.030 (1)
6134.6 Zr I 0.000 -1.280 (1)
3714.8 Zr II 0.527 -0.930 (1)
3836.8 Zr II 0.559 -0.060 (1)
4151.0 Zr II 0.802 -0.992 (1)
4209.0 Zr II 0.713 -0.460 (1)
4211.9 Zr II 0.527 -1.083 (1)
4317.3 Zr II 0.713 -1.380 (1)
4379.7 Zr II 1.532 -0.356 (1)
4443.0 Zr II 1.486 -0.330 (1)
4497.0 Zr II 0.713 -0.860 (1)
4629.1 Zr II 2.490 -0.590 (1)
5112.3 Zr II 1.665 -0.590 (1)
5350.1 Zr II 1.827 -1.240 (1)
6498.8 Ba I 1.190 0.580 (1)
3891.8 Ba II 2.512 0.295 (2)
4130.7* Ba II 2.722 0.525 (2)
4166.0 Ba II 2.722 -0.433 (2)
4554.0* Ba II 0.000 0.140 (2)
4934.1* Ba II 0.000 -0.157 (2)
5853.7* Ba II 0.604 -0.909 (2)
6141.7* Ba II 0.704 -0.030 (2)
6496.9* Ba II 0.604 -0.406 (2)
3988.5* La II 0.403 -0.280 (3)
3995.7* La II 0.173 -0.060 (3)
4042.9 La II 0.927 0.290 (3)
4086.7* La II 0.000 -0.070 (3)
4123.2* La II 0.321 0.130 (3)
4322.5* La II 0.173 -0.930 (3)
4333.8 La II 0.173 -0.060 (3)
4522.4 La II 0.000 -1.200 (3)
4525.3 La II 1.946 -0.376 (3)
4619.9 La II 1.754 -0.122 (3)
4662.5* La II 0.000 -1.240 (3)
4716.4 La II 0.772 -1.210 (3)
4804.0 La II 0.235 -1.490 (3)
5805.8 La II 0.126 -1.560 (3)
6390.5* La II 0.321 -1.410 (3)
4115.4 Ce II 0.924 0.100 (4)
c© 2011 RAS, MNRAS 000, 1–19
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Figure 3. Same as Fig. 2 for the U −W plane.
Figure 4. The spatial distribution of Hyades cluster and
stream/field stars, projected on the X−Y plane (with X pointing
towards the galactic centre and Y in the direction of the galactic
rotation; distances on both axes are expressed in parsecs). Sym-
bols are as in Fig. 2.
model parameters: Teff = 5777 K, log g = 4.44, [Fe/H] =
0.00, ξ = 1.0 km s−1, and using the solar spectrum from
Neckel (1999). The solar metallicity [Fe I/H]⊙ = 0.13± 0.12
listed in Table 3 is just 1σ off the expected null value.
For comparison, the atmospheric parameters derived by
Paulson et al. (2003) for the stars in common are listed
as well in Table 3, along with Teff from the fit of the Hα
wings. For the 9 stars in common with Paulson et al. (2003),
our final stellar parameters agree well with theirs, since
Teff(Paulson)−Teff(Fe I, this work) averages to 70 K with
Figure 5. Same as Fig. 4 for the X − Z plane.
Table 2. Continued.
Wavelength Element χ log gf Ref
(A˚) (eV)
4137.7 Ce II 0.516 0.440 (4)
4562.4 Ce II 0.478 0.230 (4)
4628.2 Ce II 0.516 0.200 (4)
5274.2 Ce II 1.044 0.150 (4)
4109.5 Nd II 0.321 0.350 (5)
4446.4 Nd II 0.205 -0.350 (5)
5319.8 Nd II 0.550 -0.140 (5)
3724.9* Eu II 0.000 -0.090 (6)
4129.7* Eu II 0.000 0.220 (6)
4205.0* Eu II 0.000 0.210 (6)
6049.5* Eu II 1.279 0.800 (6)
6645.1* Eu II 1.380 0.120 (6)
(1) VALD Database (2) Masseron (2006) (3) Lawler et al.
(2001a) (4) Zhang et al. (2001) (DREAM database)
(5) Den Hartog et al. (2003) (6) Lawler et al. (2001b) (7) Hobbs
et al. (1999)
a standard deviation of 75 K (and a maximum difference
of 200 K for HD 20430); log g(Paulson)− log g(this work)
averages to 0.05 with a standard deviation of 0.11 (and a
maximum difference of 0.2 dex for HD 20430, HD 20439
and HD 26257). Although our metallicities may appear sys-
tematically larger than Paulson et al. ones in Table 3, it
must be noted that the normalisation value is different,
since Paulson et al. (2003) have used log ǫ⊙(H)= 7.64 (as
derived from their statement that their value of the solar
metallicity differs by 0.14 dex from Grevesse & Sauval one:
log ǫ⊙(H)= 7.50). After allowing for this difference between
the normalisation values, it turns out that our metallici-
ties are on average 0.08 dex smaller than Paulson ones, the
largest difference being 0.14 dex for HD 20439, and the sec-
ond largest 0.13 dex for HD 20430 and HIP 13806.
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Figure 9. Differential [X/Fe] ratios (relative to HD 26756) for Na, Mg, Zr, Ba, La, Ce, Nd and Eu against Teff . Symbols are as in Fig. 2.
The error bars drawn in each panel represent the abundance uncertainties due to uncertainties on the stellar parameters (see Table 6).
The dashed line corresponds to [X/Fe] = 0.
5 ABUNDANCES
The choice of the elements studied was driven by the find-
ing from previous abundance studies of the Hyades cluster
by Paulson et al. (2003) and De Silva et al. (2006) that the
star-to-star differential abundance scatter for the elements
Mg, Zr, Ba, La, Ce and Nd is especially small (at most
0.055 dex). To these elements, we have added Li, Na and
the r-process element Eu. Our line list is given in Table 2.
Clean lines were first selected on the Sun spectrum. Among
those, some were discarded if they were too weak and/or
too severely blended in most of the program stars. Elemen-
tal abundances for Na, Mg, Zr, Ba, La, Ce, Nd and Eu have
been derived from spectral-line synthesis, using the ”tur-
bospectrum” package (Alvarez & Plez 1998), a program de-
voted to spectrum synthesis in cool stars. The spectral-line-
synthesis approach is well suited for complex lines with hy-
perfine structure splitting (HFS) and/or isotopic shift (IS).
The HFS and IS for Ba II has been taken from Masseron
(2006), for La II from Lawler et al. (2001a) and for Eu II
from Lawler et al. (2001b). Concerning the isotopic compo-
sition, we use the solar mixture (Grevesse & Sauval, 1998),
except for Li, for which we neglected the contribution from
6Li.
For comparison, solar abundances have been derived us-
ing the same line list as for the target stars, with the solar-
model parameters listed in Table 3 and using the solar spec-
trum from Neckel (1999). Solar abundances normalized to
log ǫ(H)= 12 are listed in Table 4.
Errors are expected to come from continuum placement,
line fitting, and uncertainties in stellar parameters and in
atomic data. In order to reduce systematic errors due to the
latter, we have performed a line-by-line differential analy-
sis relative to HD 26756, a member of the Hyades cluster.
With this differential approach, errors due to uncertainties
in the atomic data (log gf) are avoided. The differential
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Table 3. Stellar parameters. The [Fe/H] values from this work are normalized by log ǫ(Fe) = 7.45 (Asplund et al. 2005), while those
from Paulson et al. (2003) are normalized by log ǫ(Fe) = 7.64.
HD Teff log g [Fe I /H] σ nlines [Fe II/H] σ nlines ξ S/N Teff Teff log g [Fe/H] Membership
a
(K) (km s−1) Hα (Paulson et al. 2003)
Hyades cluster
Sure members
18632 5000 4.60 0.27 0.16 39 0.30 0.18 7 0.5 107 5000 5000 4.6 0.18 1
19902 5600 4.60 0.22 0.09 35 0.17 0.12 8 0.85 107 5550 5600 4.5 0.09 1
26756 5650 4.50 0.23 0.11 42 0.19 0.09 9 0.8 118 5625 5650 4.5 0.06 1
26767 5900 4.40 0.30 0.10 38 0.25 0.09 9 0.9 91 5800 5900 4.4 0.12 1
HIP 13806 5110 4.62 0.16 0.13 45 0.18 0.17 9 1.0 143 5100 5200 4.6 0.10 1
Possible members
20430 6050 4.20 0.36 0.08 32 0.35 0.08 9 1.0 128 6050 6250 4.4 0.30 5
20439 5900 4.20 0.35 0.10 35 0.33 0.09 8 0.9 151 5900 6050 4.4 0.30 5
26257 6205 4.10 0.28 0.10 31 0.19 0.11 8 1.0 156 6150 6300 4.3 0.11 4
HIP 13600 5510 4.52 0.10 0.07 35 0.12 0.12 9 0.6 147 5500 5600 4.5 0.02 4
Hyades stream
Evaporated candidates
149028 5550 4.49 0.26 0.10 41 0.24 0.12 9 0.9 106 5525
162808 5880 4.36 0.21 0.10 36 0.26 0.08 9 0.95 91 5875
Stream/field
25680 5800 4.43 0.08 0.11 40 0.03 0.10 9 1.0 175 5800
42132 5090 3.00 0.02 0.12 38 0.00 0.12 9 1.0 175 5050
67827 5900 3.90 0.06 0.10 38 0.07 0.09 9 1.1 155 5875
86165 5750 4.00 -0.07 0.16 35 -0.14 0.09 9 1.0 122 5825
89793 5690 4.44 0.23 0.10 44 0.23 0.12 9 0.6 84 5650
90936 5915 4.20 0.18 0.09 37 0.18 0.08 9 0.9 89 5900
103891 5900 3.70 -0.21 0.10 31 -0.17 0.09 9 1.1 162 5900
108351 6120 4.06 0.11 0.10 26 0.07 0.08 8 1.3 174 6075
133430 5800 4.41 -0.03 0.09 35 -0.08 0.09 9 0.85 151 5775
134694 6450 3.96 0.15 0.09 21 0.06 0.10 9 1.5 122 6375
142072 5810 4.40 0.29 0.11 42 0.23 0.10 8 0.9 115 5750
149285 6250 3.92 -0.08 0.09 13 -0.10 0.14 8 1.8 107 6250
151766 6000 3.50 0.13 0.14 15 0.04 0.18 8 1.1 121 6000
155968 5700 4.41 0.24 0.10 43 0.21 0.10 9 0.6 93 5650
157347 5680 4.45 0.08 0.10 39 0.02 0.11 9 0.8 129 5650
171067 5500 4.40 -0.04 0.08 30 -0.02 0.08 9 0.7 75 5525
180712 5900 4.43 0.06 0.07 31 0.05 0.09 8 0.7 100 5900
187237 5820 4.45 0.17 0.10 34 0.11 0.10 8 0.8 163 5800
189087 5205 4.40 0.00 0.08 32 -0.01 0.13 8 0.5 94 5200
Sun
Sun 5777 4.44 0.13 0.12 39 0.02 0.12 9 1.0
a The membership flag is from de Bruijne et al. (2001) according to the following codes: (1) member based on proper motion and radial
velocity; (4) member based on proper motion and radial velocity but rejected by Hoogerwerf & Aguilar (1999); (5) member based on
proper motion and radial velocity but rejected by de Bruijne (1999) and Hoogerwerf & Aguilar (1999).
abundances are given in Table 5 together with the line-to-
line scatter (σ) and the number of lines used for each element
(n). Fig. 9 presents the differential [X/Fe] abundances (rel-
ative to HD 26756) for Na, Mg, Zr, Ba, La, Ce, Nd and Eu
against Teff . Except perhaps for Nd (and to a lesser extent,
Zr), there is no significant abundance trend with Teff .
Errors due to continuum placement and line blends can
be estimated together with random errors from the line-to-
line scatter σ. For most of the lines, the uncertainties due to
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Figure 6. Fit of the Hα line profile of HD 103891, for the adopted
Teff of 5900 K (red solid line) ±50 K (blue dotted lines).
Figure 7. [Fe I / H] (black filled squares) and [Fe II / H] (red
filled triangles) against the line equivalent widths and excitation
potentials, for star HD 103891. The solid line depicts the adopted
abundance, whereas the dotted line is the least-square fit through
the data points, with slopes of 2.80± 3.27 and −0.012± 0.014 for
the upper and lower panels respectively, thus consistent with a
zero-slope within the error bars.
the line-fitting procedure are less than ±0.02 dex, but for a
few lines in some stars it can be as high as ±0.05 dex. For all
elements the reported abundances are from an LTE analysis
although departures from LTE are expected for Na, Mg, Ba
and Eu.
In Table 6, we list the uncertainties associated with
the stellar parameters, for two typical stars (HD 149285
and HD 189087). The adopted uncertainties for the param-
eters are: ∆ log g = 0.1 dex, ∆Teff = 50 K and ∆ [Fe/H]=
0.05 dex. For the microturbulent velocity, we have adopted
∆ξ = 0.10 kms−1, which is the minimum value for notice-
able changes in the slope of [Fe/H] (Fig. 8). The total un-
certainty (∆err) has been derived assuming that the errors
coming from the uncertainties on the various atmospheric
parameters are not correlated (thus taking the square root
of the quadratic sum of the different error terms), and is
listed in the last column of Table 6 for each element. It turns
out that it is Eu which has the largest sensitivity to errors
Figure 8. Metallicities as a function of the adopted stellar pa-
rameters Teff , log g and microturbulence ξ (in km/s). Symbols are
as in Fig. 2.
Table 4. Solar elemental abundances, in the scale log ǫ (H)= 12.
Column 1 lists the considered ions, Col. 2 the meteoritic abun-
dances from Grevesse & Sauval (1998), Cols. 2 and 3 the so-
lar photospheric standard abundances from Grevesse & Sauval
(1998) and Asplund et al. (2005), respectively. Our solar abun-
dances are given in Col. 5.
Ion Meteorites Photosphere This study
GS98 As05
Na I 6.32 6.33 6.17 6.26
Mg II 7.58 7.58 7.53 7.56
Fe I 7.50 7.50 7.45 7.58
Fe II 7.50 7.50 7.45 7.47
Zr I/II 2.61 2.60 2.59 2.52
Ba II 2.22 2.13 2.17 2.08
La II 1.22 1.17 1.13 1.10
Ce II 1.63 1.58 1.58 1.61
Nd II 1.49 1.50 1.45 1.38
Eu II 0.55 0.51 0.52 0.48
on the stellar-model parameters, since ∆err(Eu) = 0.15 dex
as compared to less than 0.10 dex for all the other elements.
6 TAGGING THE POPULATIONS
The main goal of these abundance measurements is to check
whether at least a small fraction of the Hyades stream is
compatible with having its origin in the Hyades cluster. To
c© 2011 RAS, MNRAS 000, 1–19
10 L. Pompe´ia et al.
Table 5.Abundance ratios, line-to-line scatter and number of lines used in the analysis. For HD 26756, we give the abundances normalized
by the Asplund et al. (2005) solar abundances.
HD/HIP log ǫ(Li) [Na/Fe] σ n [Mg/Fe] σ n [Zr/Fe] σ n [Ba/Fe] σ n [La/Fe] σ n [Ce/Fe] σ n [Nd/Fe] σ n [Eu/Fe] σ n
Sure Hyades cluster members
Reference star, with [X/Fe] abundances normalized to Asplund et al. (2005) solar values
26756 2.04 -0.05 0.08 11 -0.08 0.17 11 -0.16 0.14 10 0.12 0.13 6 -0.17 0.07 8 -0.01 0.33 5 -0.16 0.09 3 -0.10 0.04 3
Relative abundances [X/Fe] with respect to HD 26756
18632 < 0.4 0.04 0.09 10 0.02 0.05 5 0.12 0.10 6 -0.01 0.10 4 0.00 0.03 4 -0.01 0.17 3 0.11 0.01 2 -0.07 0.07 2
19902 1.62 0.06 0.06 8 0.00 0.05 5 0.03 0.11 10 0.00 0.06 5 0.04 0.09 7 0.04 0.01 3 0.07 0.03 3 0.00 0.07 2
26767 2.66 0.04 0.07 9 -0.01 0.09 5 0.01 0.15 6 0.06 0.07 5 -0.01 0.06 7 0.03 0.03 3 -0.06 0.06 3 -0.07 0.02 2
HIP13806 < 0.4 0.08 0.06 8 0.05 0.06 5 0.09 0.14 5 0.11 0.07 4 0.06 0.06 5 0.11 0.16 3 0.11 0.10 3 -0.03 – 1
Possible Hyades cluster members
20430 2.95 -0.02 0.07 10 0.00 0.08 5 0.00 0.12 5 0.07 0.11 5 -0.04 0.06 6 0.00 0.01 3 -0.12 0.01 3 -0.05 0.02 3
20439 2.73 -0.01 0.04 9 -0.04 0.08 5 -0.07 0.11 6 0.04 0.14 5 -0.11 0.06 7 -0.09 0.02 3 -0.06 0.05 3 -0.12 0.02 2
26257 2.72 0.06 0.06 9 0.01 0.10 4 -0.12 0.13 6 -0.12 0.08 5 -0.14 0.08 7 -0.19 0.00 3 -0.24 0.11 3 -0.20 0.01 2
HIP13600 1.61 0.05 0.08 9 0.08 0.07 5 0.10 0.13 8 0.06 0.11 6 0.11 0.07 8 0.06 0.12 5 0.16 0.01 3 0.11 0.10 3
Evaporated candidates
149028 1.35 0.14 0.08 11 0.07 0.08 5 0.04 0.09 10 -0.05 0.07 5 -0.02 0.07 7 -0.02 0.02 4 0.03 0.05 3 0.08 0.06 3
162808 2.66 -0.03 0.06 10 -0.05 0.09 5 0.06 0.13 6 0.11 0.07 4 0.06 0.08 7 0.07 – 1 0.00 0.09 3 0.07 0.06 2
Stream/field stars
25680 2.42 0.01 0.07 11 0.00 0.10 5 0.13 0.09 8 0.07 0.08 6 0.15 0.03 8 0.00 0.15 5 0.12 0.09 3 0.07 0.04 3
42132 < 0.40 0.16 0.06 11 0.02 0.07 5 0.11 0.14 10 0.25 0.14 5 0.15 0.07 5 0.25 0.12 4 0.44 0.03 2 0.04 0.08 3
67827 2.22 0.08 0.10 11 -0.02 0.01 3 -0.01 0.14 8 -0.06 0.07 5 -0.01 0.06 8 -0.16 0.08 4 0.02 0.04 3 -0.01 0.07 2
86165 1.68 -0.03 0.05 10 0.05 0.08 5 -0.17 0.09 5 -0.16 0.08 5 -0.05 0.06 8 -0.22 0.10 4 -0.02 0.04 3 0.15 0.03 2
89793 < 1.3 0.11 0.07 11 0.04 0.06 5 -0.04 0.12 10 -0.10 0.09 5 0.00 0.10 8 -0.05 0.07 5 0.07 0.07 3 0.01 0.04 3
90936 2.13 0.02 0.09 9 0.00 0.09 5 -0.05 0.14 9 -0.11 0.10 6 0.02 0.05 8 -0.12 0.10 5 -0.03 0.02 3 0.04 0.06 2
103891 0.8 0.06 0.09 10 0.13 0.08 3 0.12 0.10 7 0.15 0.07 5 0.19 0.04 8 0.01 0.11 5 0.19 0.03 3 0.08 0.04 2
108351 2.44 0.01 0.07 10 0.02 0.05 2 -0.02 0.15 6 -0.03 0.06 4 0.09 0.12 8 0.00 0.03 3 0.00 0.07 3 -0.04 0.01 2
133430 2.08 0.08 0.05 10 0.05 0.09 4 0.13 0.09 8 0.10 0.09 6 0.20 0.07 8 0.13 0.04 4 0.18 0.02 3 0.12 0.05 2
134694 < 1.6 0.04 0.08 9 0.03 0.08 4 0.00 0.10 6 -0.16 0.07 6 0.10 0.06 6 0.02 0.04 3 -0.08 0.17 3 -0.11 0.03 2
142072 2.65 -0.05 0.05 8 -0.04 0.08 5 0.06 0.09 6 0.23 0.10 5 0.13 0.06 7 0.12 0.01 3 0.16 0.06 3 0.10 0.04 3
149285 2.83 0.05 0.07 11 0.09 0.09 5 0.11 0.15 6 0.10 0.13 5 0.25 0.05 7 0.12 0.12 5 0.16 0.11 3 0.09 0.13 2
151766 1.3 0.00 0.07 10 -0.11 0.095 4 -0.14 0.13 5 0.05 0.18 5 -0.13 0.09 8 -0.20 0.06 4 -0.20 0.06 3 -0.21 0.04 2
155968 1.24 0.12 0.07 10 0.02 0.06 5 -0.02 0.10 7 -0.13 0.19 5 0.00 0.08 7 -0.04 0.03 3 0.06 0.05 3 -0.04 0.06 2
157347 < 0.8 0.04 0.06 11 0.07 0.01 3 0.05 0.08 9 -0.14 0.12 6 0.12 0.05 8 0.00 0.10 5 0.31 0.08 3 0.12 0.04 2
171067 < 0.8 0.02 0.09 10 0.09 0.06 5 0.06 0.08 8 -0.01 0.09 6 0.17 0.06 8 0.14 0.01 3 0.22 0.05 3 0.14 0.05 3
180712 2.41 -0.09 0.05 10 0.00 0.17 5 0.03 0.10 6 0.17 0.05 5 0.14 0.05 7 0.10 0.06 5 0.15 0.01 3 0.06 0.05 3
187237 2.18 -0.07 0.06 10 -0.02 0.03 4 0.11 0.10 8 0.14 0.08 5 0.18 0.05 8 0.09 0.04 3 0.18 0.00 3 0.07 0.01 2
189087 < 0.6 0.05 0.08 9 0.07 0.05 4 0.18 0.15 9 0.16 0.08 6 0.20 0.07 6 0.22 0.09 3 0.39 0.02 3 0.19 0.10 3
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Table 6. Errors in the abundances due to stellar parameter uncertainties ∆ log g = 0.1 dex, ∆Teff = 50 K, ∆ [Fe/H]= 0.05 dex,
∆ξ = 0.10 km s−1. ∆err is the total error.
Element HD 149285 HD 189087
∆Teff ∆ log g ∆ [Fe/H] ∆ξ ∆err ∆Teff ∆ log g ∆ [Fe/H] ∆ξ ∆err
∆[Na/Fe] 0.05 0.03 0.03 0.02 0.06 0.06 0.02 0.01 0.01 0.06
∆[Mg/Fe] 0.00 -0.02 -0.03 -0.02 0.04 0.00 -0.02 -0.04 -0.06 0.07
∆[Zr/Fe] 0.01 0.03 -0.03 -0.02 0.05 -0.02 0.01 -0.06 -0.02 0.07
∆[Ba/Fe] 0.02 0.01 0.05 0.07 0.09 0.06 0.04 0.05 0.04 0.10
∆[La/Fe] 0.02 0.03 0.02 0.00 0.04 0.02 0.02 0.05 0.00 0.05
∆[Ce/Fe] 0.02 0.03 0.04 0.03 0.06 0.03 0.03 0.03 0.01 0.05
∆[Nd/Fe] 0.02 0.02 0.06 0.04 0.07 0.03 0.04 0.06 0.02 0.08
∆[Eu/Fe] -0.07 -0.04 -0.12 -0.08 0.16 -0.05 -0.06 -0.11 -0.07 0.15
Table 7. Results form the chemical tagging based on Fe (relative to HD 26756) and the heavy elements (see text for details). Stars
are ordered by increasing F2(2) (see Eq. 3). The column labelled ‘Member’ is based on radial-velocity and proper-motion criteria (see
Table 3 for details). The horizontal line separates, in the right column, the sure Hyades members from the possible members, and in the
left column, the evaporated members from the stream/field stars.
Stream F2(1) F2(2) [Fe I/H] Cluster F2(1) F2(2) [Fe I/H] Member
HD 26767 -1.22 -1.24 0.08 1
HD 19902 -0.76 -1.08 0.00 1
HD 26756 -0.57 -0.88 0.00 1
HD 162808 0.90 0.65 -0.02 HD 20430 0.16 0.54 0.14 5
HD 149028 0.93 0.59 0.02 HD 18632 0.50 0.16 0.04 1
HIP 13806 1.82 1.99 -0.09 1
HD 108351 2.00 2.19 -0.10 HIP 13600 1.94 2.48 -0.14 4
HD 89793 2.77 2.53 0.00
HD 155968 3.22 2.97 0.01
HD 25680 3.64 3.96 -0.14 HD 20439 3.99 4.00 0.14 5
HD 157347 3.96 4.27 -0.14
HD 90936 4.11 3.97 -0.04
HD 180712 4.12 4.53 -0.16
HD 67827 4.19 4.58 -0.16
HD 134694 4.23 4.14 -0.06
HD 171067 4.55 5.50 -0.25
HD 187237 4.91 4.83 -0.06
HD 142072 4.94 4.77 0.06
HD 103891 4.99 7.27 -0.42
HD 133430 5.42 6.21 -0.25
HD 149285 6.55 7.41 -0.28
HD 151766 6.69 6.65 -0.06
HD 42132 7.14 7.53 -0.20
HD 189087 7.20 7.76 -0.24 HD 26257 7.22 7.13 0.06 4
HD 86165 7.60 8.35 -0.28
identify possible evaporated stars from the primordial clus-
ter, we computed the χ2 statistics:
χ2(1) = Σi=Zr,Ba,La,Ce
[([Xi/Fe] − < [Xi/Fe] >Cluster) /σi,cluster∗]
2 ,(1)
and
χ2(2) = Σi=Zr,Ba,La,Ce
[([Xi/Fe] − < [Xi/Fe] >Cluster) /σi,cluster∗]
2 (2)
+ [([FeI/H] − < [FeI/H] >Cluster) /σFeI,cluster∗]
2 ,
where the average abundance for the cluster and the star-
to-star scatter σcluster∗ are taken over the 5 sure members
(see Table 3). Despite the small number of stars involved, the
differential abundance scatter used in the above χ2 formulae
agree reasonably well with the values derived by Paulson et
al. (2003) and De Silva et al. (2006) on a much larger sample
of Hyades cluster stars [see σ∗(DS) and σ∗(P03) in Table 8].
Thus the relatively small number of Hyades cluster stars
used in the present study does not appear to hamper our
analysis.
The motivation to use two statistical indices [χ2(1) and
χ2(2)] based on different elemental sets is to illustrate the
sensitivity to specific choices of elemental sets, as we will
discuss below. We decided to leave Li, Nd and Eu out of
these indices, because
• Nd possibly exhibits an abundance trend with Teff (see
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Table 8. For each group (cluster, evaporated candidates, possible cluster, and stream/field, with the membership criterion based on
F2; see Sect. 6) and each chemical element considered, the table lists the mean (± error on the mean), standard deviation σ∗, and
root-mean-square slines of the line-to-line scatter. The differential abundance scatter σ∗(P03) and σ∗(DS) obtained by Paulson et al.
(2003) and De Silva et al. (2006; their Table 5), respectively, from a differential abundance analysis of an extensive sample of 46 Hyades
stars are listed as well for comparison. The true scatter of the sample (σ∗,ext) is obtained from (σ2∗ − s
2
lines
)1/2. All abundances are
differential with respect to HD 26756. The last column lists the [X/Fe I] (or [Fe I, II/H]) abundances of the reference star HD 26756,
relative to the Asplund et al. (2005) solar abundances.
Cluster Evaporated Possible Stream/field HD 26756 % solar
candidates cluster population (Asplund et al. 2005)
N 6 2 3 19
F2 < 2 < 2 ≥ 2 ≥ 2
Abundance
%HD 26756
〈∆[Na/Fe]〉 0.03±0.01 0.05±0.06 0.03±0.02 0.03± 0.01 -0.05
σ∗(∆[Na/Fe]) 0.032 0.09 0.03 0.06
σ∗(P03) 0.06
slines(∆[Na/Fe]) 0.06 0.07 0.06 0.07
σ∗,ext < 0.03 0.05 < 0.03 < 0.06
〈∆[Mg/Fe]〉 0.01±0.01 0.01± 0.04 0.02±0.03 0.03±0.01 -0.08
σ∗(∆[Mg/Fe]) 0.021 0.06 0.05 0.05
σ∗(P03) 0.04
slines(∆[Mg/Fe]) 0.06 0.09 0.09 0.08
σ∗,ext < 0.02 < 0.06 < 0.05 < 0.05
〈∆[Fe I/H]〉 0.03±0.03 0.00± 0.01 0.02±0.07 −0.14± 0.03 0.23
σ∗(∆[Fe I/H]) 0.072 0.02 0.12 0.12
σ∗(P03) 0.05
slines(∆[Fe I/H]) 0.08 0.06 0.06 0.09
σ∗,ext < 0.07 < 0.02 0.10 0.08
〈∆[Fe II/H]〉 0.05±0.03 0.06± 0.01 0.03±0.05 -0.15±0.03 0.19
σ∗(∆[Fe II/H]) 0.068 0.01 0.09 0.11
slines(∆[Fe II/H]) 0.07 0.08 0.06 0.08
σ∗,ext 0.00 < 0.01 0.07 0.07
〈∆[Zr/Fe]〉 0.04±0.02 0.05±0.01 -0.03±0.05 0.03±0.02 -0.16
σ∗(∆[Zr/Fe]) 0.046 0.01 0.09 0.09
σ∗(DS) 0.055
slines(∆[Zr/Fe]) 0.06 0.07 0.06 0.11
σ∗,ext < 0.05 < 0.01 0.07 < 0.09
〈∆[Ba/Fe]〉 0.04±0.02 0.03± 0.06 -0.01±0.05 0.03±0.03 0.12
σ∗(∆[Ba/Fe]) 0.044 0.08 0.08 0.13
σ∗(DS) 0.049
slines(∆[Ba/Fe]) 0.08 0.07 0.11 0.10
σ∗,ext < 0.04 0.04 < 0.08 0.08
〈∆[La/Fe]〉 0.01±0.01 0.02±0.03 -0.04±0.06 0.10±0.02 -0.17
σ∗(∆[La/Fe]) 0.033 0.04 0.11 0.10
σ∗(DS) 0.025
slines(∆[La/Fe]) 0.06 0.08 0.07 0.07
σ∗,ext < 0.03 < 0.04 0.08 0.07
〈∆[Ce/Fe]〉 0.03±0.02 0.02±0.03 -0.08±0.06 0.02±0.03 -0.01
σ∗(∆[Ce/Fe]) 0.041 0.04 0.10 0.13
σ∗(DS) 0.025
slines(∆[Ce/Fe]) 0.10 0.02 0.07 0.08
σ∗,ext < 0.04 0.04 0.08 0.10
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Table 8. Continued.
Cluster Evaporated Possible Stream/field HD 26756 % solar
candidates cluster population (Asplund et al. 2005)
N 6 2 3 19
F2 < 2 < 2 ≥ 2 ≥ 2
Abundance
%HD 26756
〈∆[Nd/Fe]〉 0.02±0.04 0.01±0.01 -0.05±0.09 0.12±0.04 -0.16
σ∗(∆[Nd/Fe]) 0.087 0.02 0.16 0.15
σ∗(DS) 0.032
slines(∆[Nd/Fe]) 0.05 0.07 0.07 0.07
σ∗,ext 0.07 < 0.02 0.15 0.14
〈∆[Eu/Fe]〉 −0.04±0.01 0.07±0.01 −0.07± 0.07 0.05±0.02 -0.10
σ∗(∆[Eu/Fe]) 0.028 0.01 0.13 0.09
slines(∆[Eu/Fe]) 0.06 0.06 0.06 0.06
σ∗,ext 0.03 < 0.01 0.11 0.07
Fig. 9) which could induce a spurious difference between the
average Nd abundances in the stream and cluster, depending
on how stars in these two groups distribute with Teff ;
• Eu has the largest sensitivity to errors on the stellar-
model parameters (Table 6, where ∆err = 0.15 dex for Eu as
compared to less than 0.10 dex for all the other elements);
• Li is a very sensitive tagger which will be used after-
wards (Sect. 7) as an independent check of the quality of
the tagging based on the χ2 statistics from Fe and the heav-
ier elements.
The different number of degrees of freedom (4 and 5, where
we suppose that the average and σ∗ do not act to decrease
the number of degrees of freedom; this is certainly true for
the stream stars) for the two χ2 statistics makes their di-
rect comparison difficult. It is therefore useful to use the
F2 goodness-of-fit statistics instead, which transforms a χ2
statistics into a normal distribution with zero mean and unit
variance, irrespective of the number of degrees of freedom.
F2 is defined as
F2 =
(
9ν
2
)1/2 [(
χ2
ν
)1/3
+
2
9ν
− 1
]
, (3)
where ν is the number of degrees of freedom of the χ2 vari-
able. The above definition corresponds to the ‘cube-root
transformation’ of the χ2 variable (Stuart & Ord 1994).
The values of F2(1) and F2(2) for all the stars stud-
ied are given in Table 7. As apparent from that Table, all
sure Hyades cluster members (plus the possible member
HD 20430) have F2 < 2. This is actually not really surpris-
ing, since the σ∗ value entering the χ
2 is derived from the
cluster sample itself. The predictive power of this χ2 crite-
rion therefore rather lies in its application to the stream sam-
ple. Two stars from the stream (HD 149028 and HD 162808)
have both F2 < 2 and may thus be considered as evaporated
from the cluster (the analysis of the Li sequence presented
in Sect. 7 will confirm that conclusion). All other stars, in-
cluding the possible members (HIP 13600, HD 20439, and
HD 26257), have (at least one) F2 > 2 and must not be
considered as cluster members based on the Fe and heavy
element abundances, the latter star HD 26257 being even lo-
cated way off the threshold, with F2 of the order of 7. This
star was studied by De Silva et al. (2006) as well, who find
relative abundances2 ∆[Zr/Fe] = −0.14, ∆[Ba/Fe] = 0.01,
∆[Ce/Fe] = −0.20, and ∆[Nd/Fe] = −0.05 not so different
form ours: ∆[Zr/Fe] = −0.12, ∆[Ba/Fe] = −0.12, ∆[Ce/Fe]
= −0.19, and ∆[Nd/Fe] = −0.24, the latter set being con-
sistently underabundant, in contrast with the De Silva et
al. values. Actually, one may wonder whether the three con-
troversial Hyades cluster stars (HIP 13600, HD 20439, and
especially HD 26257) could not in fact be stream stars hap-
pening to be located in the spatial vicinity of the cluster.
Interestingly, we stress that doubts were raised as well by De
Silva et al. (2006) about the membership of HD 20439 (also
known as vB 2), based on outlying abundances, in agree-
ment with its outlying F2 obtained in the present study. In-
cidentally, these authors raise the same doubts for HD 20430
(vB 1), which our study does not tag as an outlier, however.
In any case, there is a large population of stream stars
which are chemically very different from the Hyades cluster
members, as apparent from Fig. 10 presenting the distribu-
tions of F2(1), F2(2) and ∆ [Fe/H] for the Hyades stream
and cluster. We may thus conclude that, irrespective of the
index being used, only a few stars from the Hyades stream
have abundances compatible with the abundance ratios of
stars of the Hyades cluster (see Sect. 8.1).
7 LITHIUM AS AN EFFICIENT POPULATION
TAGGER
We now turn to lithium as a tagger that we use to check
the quality of the tagging based on Fe and heavier elements.
Boesgaard & King (2002) have provided a comparison sam-
ple of Li abundances in Hyades cluster stars, as shown on
Fig. 12 (crosses). The Li abundance in the cluster stars fol-
lows a tight sequence that goes through a maximum around
2 The values quoted here are differences from their Table 2, with
HD 26756 as the reference star.
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Figure 11. [X/Fe] ratios vs. [Fe/H] for thin disk stars (4-branch crosses, from Bensby et al. 2003, 2005 and 3-branch crosses from
Reddy et al. 2003 for Ce and Nd), certain Hyades cluster members (filled dots), possible Hyades members (open circles), evaporated
candidates (filled squares), and stream/field stars (open squares). All abundances in this work are relative to the Asplund et al. (2005)
solar abundances (No attempt has been made to normalise the Bensby et al. and Reddy et al. data in the same way, since their adopted
zero-points depend on the spectrograph – see text. Slight offsets between the data sets may thus be expected). The dotted and dashed
lines depict the average cluster and stream abundances, respectively (For Zr and Ce, they overlap). The error bars drawn in each panel
represent the abundance uncertainties due to the line-to-line scatter.
6200 K, and decreases sharply on either side as Li gets de-
stroyed by diffusive or convective downward motions (see
Deliyannis 2000 and Sestito & Randich 2005 for reviews).
On the opposite, in field stars, the Li abundance spans a
substantial range (of the order of 2 dex) for any given effec-
tive temperature (e.g., Israelian et al. 2009 and references
therein), especially on the cooler side of the peak. The tight
sequence observed for the Hyades cluster is a direct conse-
quence of the fact that its stars are coeval (Deliyannis 2000).
It offers an efficient way to tag stream stars evaporated from
the cluster (although one cannot totally exclude the possi-
bility that a stream star falls by chance along the Hyades
sequence).
Fig. 12 confirms the chemical tagging analysis per-
formed in Sect. 6, since the two stars tagged as ‘evaporated
candidates’ indeed lie along the Hyades cluster Li sequence.
Conversely, we find three stream stars falling along the Li
sequence (HD 25680, HD 142072, HD 149285), but this can
be a chance occurrence, and does not impose a revision of
our former tagging (among these three, only HD 25680 has
both F2 < 4). Finally, we note that the three ‘possible clus-
ter members’ nicely fall along the Hyades Li sequence.
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Figure 10. The distributions of F2(1) (top panel), F2(2) (mid-
dle panel) and ∆ [Fe/H] (bottom panel) for the Hyades stream
stars (open histogram), cluster stars (shaded histogram), and sure
cluster stars (thick histogram).
Figure 12. The Li abundance for the different stellar categories
as flagged from the F2 indices, compared to Boesgaard & King
(2002) Li abundances for Hyades cluster stars (crosses). Arrows
mark upper limits on the Li abundance.
8 DISCUSSION
8.1 Can the stream fully originate from the
cluster?
Since Famaey et al. (2007) estimated that the Hyades over-
density in velocity space constitutes p0 = 75% of the Hyades
box (this frequency being almost independent of the colour
range), we can ask ourselves whether this overdensity can
entirely be due to the population of stars evaporated from
the Hyades cluster.
However, if this were true, we would expect to have
found about 15 (or about 11 to 19 with Poissonian uncer-
tainties) stars with abundances compatible with the Hyades
cluster (p0N = 15.75 with N = 21), instead of 2, in the
most favorable case. This difference leads to a significance
level close to α = 1.00 (within 10−9) for the unilateral rejec-
tion of the null hypothesis that all the stars of the velocity
overdensity are originating from the Hyades cluster, as ob-
tained from the relation (resulting from the fact that for
p0 = 0.75 and N = 21, the binomial distribution is already
well approximated by a Gaussian distribution)
uobs =
|x−Np0|
(Np0(1− p0))1/2
≥ uα, (4)
where x = 2, uobs = 6.9 and uα is the abscissa of the reduced
normal distribution N (0, 1) such that
∫ uα
−∞
N (0, 1) = α.
We are confident that the sample selection criterion
Vrot sin i ≤ 10 kms
−1 (Sect. 2) does not affect this conclu-
sion, for the following reason: all stream stars of our sam-
ple are low-mass main sequence stars with b − y ≥ 0.3 (or
equivalently B − V ≥ 0.5, according to Tables 15.7 and
15.10 of Drilling & Landolt 1999), and Paulson et al. (2003)
showed that such stars in the Hyades cluster indeed have
Vrot sin i ≤ 10 km s
−1, so that no candidate evaporated star
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16 L. Pompe´ia et al.
should have been missed in the stream by rejecting the fast
rotators.
This is thus an independent confirmation of the dynam-
ical (most probably resonant) origin of most of the Hyades
stream, even though a population of stars evaporated from
the Hyades cluster does overlap with this dynamical stream.
8.2 Properties of the distinct populations of the
stream
Fig. 9 presents the differential abundances ∆[X/Fe] (relative
to HD 26756) against Teff with different symbols identifying
the Hyades cluster members (large filled circles), the possible
cluster members (small filled circles), evaporated candidates
(large filled squares), and finally stars from the stream/field
(open squares). In Table 8, we evaluate the average abun-
dances for each of the elements considered, separately for
these four groups. We report the mean and standard devi-
ations σ⋆ for a given chemical element separately for these
four samples, and the root-mean-square slines (taken over
all stars of a given group) of the line-to-line scatter σ (for
a given star, taken from Tables 3 and 5). The slines param-
eter must be seen as an instrumental scatter, to which any
extrinsic (physical) scatter (σ∗,ext) will add quadratically to
yield σ⋆, so that we must expect σ⋆ ≥ slines. For the ‘cluster’
and ‘evaporated candidates’ samples however, σ∗ is usually
smaller than slines, which indicates that the true scatter of
these samples is so small that it cannot be derived accurately
with the achieved line-to-line scatter.
A very consistent picture thus emerges from Table 8
regarding the sample genuine scatter σ∗,ext: for the cluster
sample, it is, as expected, quite small (≤ 0.05 dex) for all
elements but Fe I and Nd, where it reaches 0.07 dex. Except
for these two elements, our results agree well with the con-
clusion of chemical homogeneity found for 46 Hyades clus-
ter stars by Paulson et al. (2003) and De Silva et al. (2006;
compare the entries listed as σ∗ in Table 8 with σ∗(DS) or
σ∗(P03)). On the contrary, for the stream, the scatter is
systematically much larger, ranging from 0.05 dex for Mg
to 0.15 dex for Nd, as expected if the stream is dominated
by field stars. It is not surprising either that the sample of
evaporated stars has properties similar to those of the clus-
ter, both in terms of scatter and average value, since they
were actually selected to ensure such a similarity. The ‘Pos-
sible cluster’ stars deviate markedly from the cluster val-
ues, but as indicated in Sect. 6, the statistical properties of
this group are dominated by the outlying star HD 26257.
There are as well noteworthy differences (by a least 0.1 dex)
between cluster and stream stars in terms of their average
abundances, especially for Fe, La, Nd and Eu (Table 8).
The difference in the average metallicity of the two groups
(0.2 dex) is very significant (Table 8 and Fig. 10). As ap-
parent from Fig. 11, the difference in the average La, Nd,
and Eu abundances between the Hyades cluster and stream
appears as a natural consequence of their different average
metallicities and of the trend with metallicity observed for
these elements in the thin disk. This finding is an impor-
tant result of the present paper: the stream/field popula-
tion (thus cleaned from the evaporated metal-rich cluster
stars) remains more metal-rich ([Fe/H] of the order 0.04 to
0.08, normalized to a solar Fe abundance of 7.45, or -0.01
to 0.05 with the more traditional normalization of 7.50 from
Grevesse & Sauval (2000), in better agreement with older
studies; Table 8) than the thin disk population in the solar
neighbourhood. According to Famaey et al. (2007), the mean
(photometric) metallicity of the whole Geneva-Copenhagen
survey for the solar neighbourhood is [Fe/H] = −0.16. Ex-
cluding halo stars with [Fe/H] < −0.5, and excluding all
the stars from the Hyades box, we get a mean (photomet-
ric) metallicity of [Fe/H] = −0.12. Given that photometric
metallicity estimates are systematically smaller than spec-
troscopic values by about 0.05 dex (Holmberg et al. 2009),
the thin disk metallicity in the solar neighbourhood may be
evaluated at −0.07 dex (see also Allende-Prieto 2010 and
references therein). Comparing this thin-disk metallicity of
−0.07 dex with that of the stream/field (of the order −0.01
to 0.08 dex) clearly supports an inner-disk origin for the
stream. We stress that this comparison is somewhat biased
by the fact that about 25% of the stars in the Hyades veloc-
ity box must belong to the local background Schwarzschild
velocity ellipsoid (Sect. 1 and Famaey et al. 2007), and thus
have a metallicity typical of the thin disk. One may try to
clean the sample from the local background field stars to
better evaluate the metallicity of the stream stars. An up-
per limit to the average stream metallicity may be obtained
by removing from the 21 stars making up our Hyades box
the 25% most metal-deficient stars, believed to belong to the
field. Thus removing the most metal-poor stars HD 86165,
HD 103891, HD 133430, HD 149285 and HD 171067 from
the stream/field sample, one finds an average metallicity of
0.114 dex (with the log ǫ = 7.45 normalization), correspond-
ing to an excess of (at most) 0.18 dex with respect to the
metallicity of the local thin disk.
The argument of an inner-disk origin for the stream
may even be made more quantitative by adopting a reason-
able metallicity gradient of −0.05 to −0.07 dex/kpc in the
galactic disk (e.g. Daflon & Cunha 2004): this would indi-
cate that the Hyades stream originates at ∼0.9 to 3.0 kpc (or
even at 3.6 kpc if one adopts the upper limit to the metal-
licity excess, or even more taking into account the fact that
the gradient for old stars may be even flatter) inwards in the
Galactic disk. In Sect. 8.3, this range will be compared with
predictions made in the framework of a stream caused by
an inner 4:1 resonance from a 2-armed spiral pattern (inner
ultra-harmonic resonance or IUHR).
The large difference in the average metallicities of the
Hyades cluster and stream (after cleaning the latter from
the 2 evaporated candidates) definitely and undoubtedly
confirms that the stream is not solely made out of evap-
orated cluster stars. And concomittantly, this finding rein-
forces the hypothesis of the dynamical nature of the Hyades
stream. In this context, one may thus compare the scat-
ter and abundance trends obtained for the Hyades stream
stars with those in the inner thin disk from which they orig-
inate. This is done in Fig. 11 using the samples of Bensby
et al. (2003, 2005) and Reddy et al. (2003). It is seen that
the stream conforms with the properties of the thin disk:
absence of metallicity trend and small scatter for Mg, rela-
tively large scatter for Ba, and small scatter and well marked
trend for Eu (Fig. 11). The small shifts between our val-
ues and Bensby’s ones, apparent for Mg and Eu, may be
attributed to the slightly different line list and solar abun-
dances adopted for normalization, with log ǫ of 7.53, 7.45 and
0.52 adopted in this work for Mg, Fe, and Eu respectively,
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Sun
Figure 13. Top panel – The effect of a 2-armed spiral structure
on orbits near the 4:1 IUHR. Note the splitting into 2 families
of closed orbits in the frame moving with the (trailing) spiral
pattern. For a Sun orientation at 20◦ with respect to a concave
arm, both orbital families enter the solar neighborhood stellar
velocity distribution (black filled circle). The galactocentric axes
are in units of r0 (the galactocentric radius of the Sun). Bottom
panel – The effect on the UV -plane for the configuration shown in
the top panel (selecting test particles in a 200 pc circle around the
Sun). Each orbital family gives rise to a stream in velocity space.
We can associate the dense clump at (U, V ) ≈ (−35,−17) km/s
with the Hyades and the shallow one at (U, V ) ≈ (10, 0) km/s
with Sirius. The contour levels correspond to 0.2, 0.31, 0.43, 0.55,
0.67, and 0.8 of the maximum value at the centre of the Hyades
clump.
as compared to 7.57 – 7.58, 7.53 – 7.56, and 0.47 – 0.56 for
Bensby et al. (2005; their Table 5, where the adopted abun-
dances may depend upon the spectrograph and line used).
8.3 A resonance from the spiral pattern?
The question now is which dynamical effects in the Galaxy
can both place the Hyades stream in its observed location
in velocity space, while also having a metallicity typical of
stars originating at 0.9 to 3.0 kpc inside the solar circle.
As was shown by Minchev et al. (2010), a resonance
with the Galactic bar cannot account for the position of
the Hyades stream in the UV -plane (while it actually can
account for the Pleiades), nor for an origin farther away
than ∼ 0.8 kpc in the inner disk. On the other hand,
using an orbital weighting function technique, Quillen &
Minchev (2005) showed that the 4:1 inner ultra-harmonic
resonance (IUHR) of a 2-armed spiral structure3 splits the
velocity distribution into two features corresponding to two
orbital families, one of them consistent with the Hyades
stream (see also Sect. 1)4. To check this possibility, we per-
formed test-particle simulations of a stellar disk consistent
with the Milky Way kinematics, perturbed by a 2-armed spi-
ral pattern. Details about the simulation parameters can be
found in Minchev & Quillen (2007). We examined a range
of pattern speeds Ωs, and indeed found that we could re-
produce the position of the Hyades stream in the UV -plane
(using the solar motion of Scho¨nrich et al. 2010) only when
the solar circle is near the 4:1 IUHR. Fig. 13 presents our
results for Ωs = 18 km/s/kpc for an angular speed at the so-
lar position Ω0 = 28 km/s/kpc (i.e. Ωs/Ω0 = 0.65). The top
panel shows the two orbital families and the bottom panel
the resulting velocity distribution in the UV -plane.
The beauty of this simulation is that, while reproduc-
ing the Hyades stream, the other orbital family creates an-
other remarkable feature in velocity space around (U,V ) ≈
(10, 0) km/s, which is consistent with the Sirius moving
group (see e.g. Famaey et al. 2005, 2008). It is slightly shal-
lower than the Hyades stream, exactly as observed. This sim-
ulation furthermore predicts that the Hyades stream origi-
nates about 1 kpc inward from the solar radius, which lies
within the error bar derived in Sect. 8.2 from the observed
metallicity difference (local thin disk - Hyades stream: 0.06
to 0.15 dex) and metallicity gradient in the thin disk (−0.05
to −0.07 dex/kpc; Daflon & Cunha 2004). This error bar
is unfortunately quite large still (0.9 – 3.0 kpc) to mean-
ingfully constrain the simulation, and one should strive to
reduce it in the future. If in the end, a metallicity difference
as large as (or larger than) 0.1 dex were confirmed, agree-
ment with the present simulation could only be restored at
the expense of the necessity for a steeper metallicity gradi-
ent in the disk. Let us however note that Daflon & Cunha
(2004) studied OB stars, i.e. the very recent metallicity gra-
dient, and that the gradient for older stars such as those of
the Hyades stream is expected to be flatter due to radial
mixing, not steeper. This might cast doubt on the ability
of the present dynamical model to reproduce the observed
metallicity excess, should it be confirmed by further studies.
On the other hand, there exists other mechanisms that could
have made the Hyades stream migrate from larger distances
in the inner disk. It is known that stars can exchange angu-
lar momentum in galactic disks due to three distinct mecha-
nisms: transient spirals (Sellwood & Binney 2002), spiral-bar
resonance overlap (Minchev & Famaey 2010), and the effect
of minor mergers on the disk (Quillen et al. 2009). One of
these could be responsible for migrating the Hyades stream
3 Observations indicate that the Milky Way has a 4-armed struc-
ture, but with 2 more prominent arms (see, e.g., Englmaier et al.
2008).
4 Note that this splitting into different orbital families of differ-
ent average galactic radii is also seen at the 4:1 inner Lindblad
resonance of a 4-armed pattern (see, e.g., Amaral & Le´pine 1997).
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from a distance larger than what is possible with a spiral
structure model only. The “migrating” stream could remain
coherent for a long enough time before dispersing, but more
work is needed to investigate this possibility. The drawback
would then be that the Hyades and Sirius overdensities in
the UV -plane would be unrelated and would need two sep-
arate explanations.
9 CONCLUSION
From an analysis of the Li, Na, Mg, Zr, Ba, La, Ce, Nd
and Eu abundances of 21 stars from the Hyades stream, we
performed chemical tagging to identify stream stars possi-
bly evaporated from the cluster. The first tagging method is
based on a χ2 test comparing the abundances of Fe, Zr, Ba,
La and Ce in stream stars with the cluster average value and
internal scatter. It is convenient to make use of the ‘cube-
root transformation’ of the χ2 variable to convert it into the
goodness-of-fit statistics F2, which behaves as a normal dis-
tribution with zero mean and unit variance. This method re-
lies of course on an accurate evaluation of the cluster average
value and internal scatter. This tagging method works best
for chemical elements exhibiting a steep slope with metallic-
ity. Any metallicity difference between the stream and the
cluster is then amplified by each element involved in the χ2
sum and exhibiting a steep metallicity trend. The absence
of any such metallicity trend among Na and Mg (at least for
metallicities in the range -0.1 – 0.3) makes them useless for
chemical tagging. A second method uses the tight Li –Teff
sequence observed among Hyades stars, a result of the slow
Li destruction process at work in these stars. Stars of the
same Teff but of a different age, as will be the case in gen-
eral for stream stars, will not fall along the Hyades sequence.
This method offers the advantage that the range spanned by
Li abundances is very large (of the order of 3 dex), but is
restricted to stars in the narrow Teff range 5000 – 6500 K.
Outside this range, the Li abundance is either too small to
be measurable or not sensitive to age any longer. Based on
these methods, only two stars from the stream (HD 149028
and HD 162808) appear to have abundances within ‘2σ’ of
the cluster (i.e., F2 < 2, and matching the Li sequence);
they thus very likely evaporated from the cluster.
Our analysis thus convincingly demonstrates that a
large fraction of stars in the Hyades velocity box (∼ 90%)
cannot originate from the Hyades cluster. Interestingly, 2
evaporated candidates have been found, grossly in line with
the conclusion of Famaey et al. (2007) that about 15% of the
Hyades stream could still originate in the Hyades cluster. It
is then of high interest to clean the stream population from
this evaporated population and to compare its properties
with the local thin disk. It is found here that these stream
stars are more metal-rich than the local thin disk, with an
excess of the order of 0.06 to 0.15 dex. This metallicity ex-
cess implies an origin for the stream at about 0.9 – 3.0 kpc
inwards from the Sun, adopting a galactic metallicity gradi-
ent of −0.05 to −0.07 dex/kpc. Predictions from a 4:1 inner
resonance of a 2-armed spiral pattern locate the origin of
the Hyades stream at a maximum of 1 kpc inwards from the
solar radius. A more precise determination of the stream
metallicity is thus needed to confirm or contradict this sce-
nario. Besides reproducing the Hyades overdensity in the
U − V plane, this scenario however makes another appeal-
ing prediction, namely the existence of the Sirius moving
group exactly as observed.
As a conclusion, the analysis of this small subsample
of 21 stars from the Hyades stream has already yielded
some interesting insights on its nature, and it will be of
prime importance to confirm these with much larger sam-
ples, e.g. in future analyses performed with multi-fibre spec-
trographs such as the High Resolution Multi-Object Spec-
trograph of the Anglo-Australian Telescope (Barden et al.
2008). If they could derive a more accurate metallicity for
the stream cleaned from the evaporated population, these
large surveys could clearly provide a meaningful constraint
on the distance at which the Hyades stream originates, and
on the metallicity gradient in the disk, thus shedding light
on the dynamical process responsible for the formation of
the stream. This, together with the mapping of large-scale
non-axisymmetric motions (see, e.g., Siebert et al. 2011) will
help better constraining the non-axisymmetry of the Galac-
tic potential and its influence on the dynamical and chemical
evolution of the disk.
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